A novel, moderately halophilic, Gram-positive bacterium, designated strain T , was isolated from sediment of a saline lake located near Xilinhot, Inner Mongolia Autonomous Region, China. Cells were rod-shaped, endospore-forming and motile. The isolate was able to grow in the presence of 3-20 % (w/v) total salts (optimum, 10 %, w/v), and at 15-40 6C (optimum, 37 6C) and pH 6.0-10.0 (optimum, pH 7.5). Strain XH-22 T had diaminopimelic acid in the cell-wall peptidoglycan, MK-7 as the predominant menaquinone, and anteiso-C 15 : 0 , C 16 : 0 and iso-C 14 : 0 as major fatty acids. Chen et al., 2008) . During the course of a study of halophilic bacteria from a saline lake in China, a moderately halophilic, Gram-positive bacterium, designated strain XH-22 T , was isolated. Phenotypic and chemotaxonomic characterization, together with DNA-DNA hybridization data and phylogenetic analysis based on 16S rRNA gene sequences, showed that strain XH-22
The genus Virgibacillus was first proposed by Heyndrickx et al. (1998) based on data from amplified rRNA gene restriction analysis, fatty acid profiles, SDS-PAGE patterns of whole-cell proteins and phenotypic characterization; its description was later emended by Heyrman et al. (2003) . At the time of writing, the genus comprised 14 recognized species, namely Virgibacillus pantothenticus (type species of the genus) (Heyndrickx et al., 1998) , V. proomii (Heyndrickx et al., 1999) , V. carmonensis, V. necropolis, V. marismortui, V. salexigens (Heyrman et al., 2003) , V. halodenitrificans (Yoon et al., 2004) , V. dokdonensis (Yoon et al., 2005) , V. koreensis (Lee et al., 2006) , V. olivae (Quesada et al., 2007) , V. halophilus , V. chiguensis , V. kekensis and V. salarius (Hua et al., 2008) . Members of the genus are motile, Gram-positive or Gram-variable rods, endospore-forming, catalase-positive, have a cell wall containing peptidoglycan of the meso-diaminopimelic acid type and DNA G+C contents ranging from 30.7 to 42.8 mol% Chen et al., 2008) . During the course of a study of halophilic bacteria from a saline lake in China, a moderately halophilic, Gram-positive bacterium, designated strain XH-22 T , was isolated. Phenotypic and chemotaxonomic characterization, together with DNA-DNA hybridization data and phylogenetic analysis based on 16S rRNA gene sequences, showed that strain T was related to members of the genus Virgibacillus but represented a novel species.
Strain T was isolated from a sediment sample from a saline lake located near Xilinhot, Inner Mongolia Autonomous Region, China (43 u 559 N 115 u 379 E), according to the methodology described by Carrasco et al. (2007) . No other strains with characteristics similar to that of the new isolate were found in this habitat. At the time of sampling, the water in the lake had a conductivity of 44.9 mS cm 21 , a temperature of 18 u C and a pH of 7.5. The medium used for isolation was HM medium (Ventosa et al., 1982) . The composition of this medium was (w/v) 17.8 % NaCl, 0.1 % MgSO 4 . 7H 2 O, 0.036 % CaCl 2 . 2H 2 O, 0.2 % KCl, 0.006 % NaHCO 3 , 0.023 % NaBr, trace FeCl 3 . 6H 2 O, 1.0 % yeast extract (Difco), 0.5 % proteose peptone no. 3 (Difco) and 0.1 % glucose. The pH was adjusted to 7.2 with 1 M KOH. When necessary, solid media were prepared by adding 2.0 % (w/v) Bacto-agar (Difco). Strain T was routinely cultured on the maintenance medium described by Ventosa et al. (1982) supplemented with 10 % (w/v) marine salts. The composition of this medium was (w/v) 8.1 % NaCl, 0.7 % MgCl 2 , 0.96 % MgSO 4 , 0.036 % CaCl 2 , 0.2 % KCl, 0.006 % NaHCO 3 , 0.026 % NaBr, 1 % yeast extract, 0.5 % proteose peptone no. 3 and 0.1 % glucose; this was solidified with 2.0 % (w/v) Bacto-agar. The pH was adjusted to 7.2 with 1 M KOH. V. carmonensis DSM 14868 T and V. necropolis DSM 14866
T were obtained from the DSMZ, Braunschweig, Germany, and were cultivated on maintenance medium at 28 u C.
In order to characterize strain T phenotypically, standard tests were performed. The Gram stain reaction was carried out by using the method described by Dussault (1955) . For the determination of cellular morphology and motility, a culture of cells at exponential grown phase in liquid medium was examined by using phase-contrast light microscopy (BX41 microscope; Olympus). The morphology of colonies, their pigmentation and size were observed under optimal growth conditions on maintenance medium after 24 h incubation at 37 u C. Growth at different concentrations of salts was determined on maintenance medium at salt concentrations of 0, 0.5, 1, 3, 5, 7.5, 10, 15, 20, 25 and 30 % (w/v) . Growth at different pH (5, 6, 7, 8, 9, 10 and 11) and temperatures (10, 14, 15, 20, 25, 30, 37, 40, 41, 45 and 50 u C) was determined on maintenance medium. Anaerobic growth was determined on maintenance medium by using an anaerobe jar and H 2 and CO 2 GasPaks (BBL) to generate anaerobic conditions. Catalase was assayed by addition of 3 % (v/v) H 2 O 2 to culture plates. The oxidase reaction was performed on filter paper moistened with 1 % (w/v) aqueous solution of N,N,N9,N9-tetramethyl-p-phenylendiamine. V. carmonensis DSM 14868 T was employed in these tests as a control. Sporulation was tested on solid maintenance medium, and on this medium without proteose peptone or glucose, and supplemented with 1 g yeast extract l 21 (Difco) and 5 mg MnSO 4 l 21 (Merck) (Mn-medium) by using different temperatures for cultivation. Utilization of various substrates as sole carbon and energy, or carbon, nitrogen and energy sources was determined as described by Ventosa et al. (1982) . Carbohydrates were added at 0.2 % (w/v), organic acids at 0.1 % (w/v) and alcohols at 0.1 % (w/v). Antibiotic susceptibility was determined according to the conventional Kirby-Bauer method (Bauer et al., 1966) on maintenance medium. V. carmonensis DSM 14868 T and V. necropolis DSM 14866
T were employed in these tests as reference strains. Other tests detailed in Table 1 or included in the species description were carried out by using the methods of Ventosa et al. (1982) , Quesada et al. (1984) and García et al. (1987) . Unless indicated otherwise, the tests were carried out on maintenance medium at 37 u C in sealed containers.
Cells of strain XH-22
T were Gram-positive, approximately 0.961.5-6.0 mm, occurring singly, in pairs or in short chains. Cells were motile and strictly aerobic. When grown for 24 h at 37 u C on maintenance medium, colonies were circular with entire margins, cream-pigmented and 1 mm in diameter. Spherical to ellipsoidal endospores were formed at subterminal or terminal positions in swollen sporangia after 4 days cultivation on Mn-medium at 28 u C. The isolate was moderately halophilic, being able to grow in media containing 3-20 % (w/v) salts and optimally in media containing 10 % (w/v) salts. No growth was observed in the absence of NaCl. Growth was observed at 15-40 u C and at pH 6.0-10.0. Optimal growth conditions in maintenance medium were at 37 u C and pH 7.5. Other phenotypic features are included in the species description.
Genomic DNA from strain XH-22
T was prepared according to the method described by Marmur (1961) . The 16S rRNA gene was amplified by PCR with forward primer 16F27 and reverse primer 16R1488. Direct sequence determination of the PCR-amplified DNA was carried out by using an automated DNA sequencer (model ABI 3130XL; Applied Biosystems). Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity values were achieved by using the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . 16S rRNA gene sequence analysis was performed with the ARB software package (Ludwig et al., 2004) . The 16S rRNA gene sequence of strain T was aligned with published sequences of closely related bacteria. The alignment was confirmed and checked against both primary and secondary structures of the 16S rRNA molecule by using the alignment tool of the ARB software package. Phylogenetic trees were constructed by using the maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Fitch, 1971 ) and neighbour-joining (Saitou & Nei, 1987) algorithms integrated within the ARB software for phylogenetic inference. Confidence values of branches of the phylogenetic tree were determined by using bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. 16S rRNA gene sequences used for phylogenetic comparisons were obtained from the GenBank database and their strain designations and accession numbers are shown in Fig. 1.
An almost-complete 16S rRNA gene sequence of strain T (1472 nt) was obtained and used for initial BLAST and EzTaxon searches in GenBank and for phylogenetic analysis. Comparative 16S rRNA gene sequence analysis revealed that strain XH-22
T was affiliated most closely with the genus Virgibacillus. In the phylogenetic tree based on the neighbour-joining algorithm, strain XH-22
T fell within the radiation of a cluster comprising Virgibacillus species, forming a cluster with the type strains of V. carmonensis and V. necropolis with a high level of bootstrap support (88 %) (Fig. 1) . The relationships among strain XH-22 T and the type strains of V. carmonensis and V. necropolis were also maintained in trees based on the maximumlikelihood and maximum-parsimony algorithms (data not shown). Strain T exhibited levels of 16S rRNA gene sequence similarity of 97.6 and 97.5 % with V. carmonensis LMG 20964
T and V. necropolis LMG 19488 T , respectively, and values of between 96.9 and 94.9 % with the type strains of other recognized Virgibacillus species. DNA-DNA hybridization was carried out to evaluate levels of genomic DNA-DNA relatedness between strain XH-22 T and V. carmonensis DSM 14868 T and V. necropolis DSM 14866 T , following the competition procedure of Johnson (1994) as described in detail by Márquez et al. (2007) . The hybridization temperature used was 45.2 u C, which was within the limit of validity for the filter method (De Ley & Tijtgat, 1970) and the level of DNA-DNA relatedness was calculated according to Johnson (1994) . Experiments were carried out in triplicate. Levels of DNA-DNA relatedness between strain XH-22 T and V. carmonensis DSM 14868 T and V. necropolis DSM 14866 T were 32 and 28 %, respectively. These values were clearly lower than the 70 % cut-off generally accepted for species delineation and support the placement of strain XH-22
T as representing a genotypically distinct species within the genus Virgibacillus (Wayne et al., 1987) .
The G+C content of the genomic DNA was determined from the midpoint value (T m ) of the thermal denaturation profile (Marmur & Doty, 1962) by using the equation of Owen & Hill (1979) . The G+C content of the DNA of strain XH-22 T was 38.8 mol%. This is within the range of values described for species of the genus Virgibacillus, and is similar to those described for the type strains of V. carmonensis (38.9 mol%; Heyrman et al., 2003) and V. necropolis (37.3 mol%; Heyrman et al., 2003) (Table 1) .
Analysis of the cell-wall peptidoglycan, quinones and polar lipids of strain XH-22 T was carried out by the Identification Service of the DSMZ and Dr B. J. Tindall, DSMZ, Braunschweig, Germany. Cell biomass for these analyses was obtained by cultivation on maintenance medium at 37 uC. Strain XH-22
T contained a cell-wall peptidoglycan based on meso-diaminopimelic acid. MK-7 (88 %) was the predominant menaquinone, as reported for recognized species of the genus Virgibacillus; however, strain XH-22
T had MK-6 (3 %), MK-5 (3 %) and an unidentified respiratory quinone (about 6 %) present in minor amounts, whereas V. carmonensis DSM 14868 T and V. necropolis DSM 14866
T had MK-6 and MK-8 as minor components (Heyrman et al., 2003) . The polar lipid profile of strain T comprised diphosphatidylglycerol, phosphatidylglycerol, a glycolipid and two phospholipids of 4, V. pantothenticus (Heyndrickx et al., 1998) ; 5, V. proomii (Heyndrickx et al., 1998) ; 6, V. salexigens (Garabito et al., 1997) ; 7, V. marismortui (Arahal et al., 1999 (Arahal et al., , 2000 Heyrman et al., 2003) ; 8, V. halodenitrificans (Yoon et al., 2004) ; 9, V. olivae (Quesada et al., 2007) ; 10, V. dokdonensis (Yoon et al., 2005) ; 11, V. koreensis (Lee et al., 2006) ; 12, V. halophilus ; 13, V. kekensis ; 14, V. chiguensis ; 15, V. salarius (Hua et al., 2008 unknown structure. The presence of diphosphatidylglycerol and phosphatidylglycerol as major polar lipids is a common characteristic of Virgibacillus species (Heyrman et al., 2003; Wang et al., 2008) but the presence of a glycolipid has not previously been reported for members of the genus.
Fatty acid analysis was performed by using the MIDI system (Microbial Identification System) and was carried out by the Identification, Characterization and Molecular Typing Service of the BCCM/LMG bacterial collection. Cells were cultured on maintenance medium at 37 uC for 24 h. The predominant fatty acids of strain XH-22 T were anteiso-C 15 : 0 (32.0 %), C 16 : 0 (20.5 %) and iso-C 14 : 0 (17.1 %). The detailed fatty acid profile was similar to those of recognized species of the genus Virgibacillus, although there were differences in the proportion of some fatty acids that might have been caused by different cultivation conditions (Table 2) .
Strain XH-22
T showed some differences in phenotypic characteristics from recognized Virgibacillus species (Table 1) . In particular, strain XH-22
T can be distinguished clearly from V. carmonensis, its nearest phylogenetic neighbour, based on differences in the oxidase reaction, colony pigmentation, optimum temperature for growth and acid production from various substrates ( Table 1) . The phylogenetic distinctiveness and DNA-DNA relatedness data clearly suggest that strain T represents a species that is distinct from recognized Virgibacillus species (Wayne et al., 1987; Stackebrandt & Goebel, 1994) . Therefore, on the basis of the data presented, strain XH-22
T should be classified in the genus Virgibacillus as representing a novel species, for which the name Virgibacillus salinus sp. nov. is proposed. Resistant to gentamicin (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), neomycin (10 mg), penicillin (10 U) and rifampicin (30 mg). The peptidoglycan type is A1c, with meso-diaminopimelic acid as the diagnostic diamino acid. MK-7 is the predominant menaquinone, with MK-6, MK-5 and an unidentified respiratory quinone present in minor amounts. The predominant cellular fatty acids are anteiso-C 15 : 0 , C 16 : 0 and iso-C 14 : 0 ; iso-C 15 : 0 , C 16 : 1 v11c, C 14 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 , C 18 : 0 , C 16 : 1 v7c alcohol, iso-C 17 : 0 , anteiso-C 13 : 0 and iso-C 13 : 0 are present as minor components. Polar lipids are diphosphatidylglycerol, phosphatidylglycerol, a glycolipid and two unidentified phospholipids. The DNA G+C content of the type strain is 38.8 mol% (T m ). The description of this species is based upon study of a single strain. 
